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[2] , $((P)$ , (Q)
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nonexpansive-type mapping) , $F$ Bregman
$D$ D-firm operator [4] .
, (P) , (Q) (R) ,
. . \S 2
. \S 3 , .
\S 4 , , \S 5 , (P) , (Q)
(R) . \S 6 , (P)
, (Q) (R) . \S 7 ,
, . .
2
. $\mathbb{R}$ . $E$
, $E^{*}$ . $E$ $E^{*}$ $\Vert\cdot\Vert$ .
$E$ $\{x_{n}\}$ $x\in E$
$x_{n}arrow x$
$x_{n}arrow x$ . $x\in E$ $x^{*}\in E^{*}$ , $\langle x,$ $x^{*}\rangle$ $x^{*}(x)$ . $S(E)$ $E$
$\{x\in E:\Vert x\Vert=1\}$ . $E$ $E^{*}$ $J:Earrow 2^{E^{*}}$
$Jx=\{x^{*}\in E^{*}:\langle x, x^{*}\rangle=\Vert x\Vert^{2}=\Vert x^{*}\Vert^{2}\}$ $(\forall x\in E)$
.
$E$ , $x,$ $y\in S(E)$ ,
$\lim_{tarrow 0}\frac{\Vert x+ty\Vert-\Vert x\Vert}{t}$ (2.1)
. $E$ Fr\’echet (resp. $G\hat{a}$teaux
$)$ , $x\in S(E)$ (resp. $y\in S(E)$ ), (2.1)
$y\in S(E)$ (resp. $x\in S(E)$ ) . , $E$
, (2.1) $x,$ $y\in S(E)$ .
$E$ , $x,$ $y\in S(E)$ $x\neq y$ $\Vert(x+y)/2\Vert<1$
. , $E$ , $\epsilon\in(0,2]$
$\delta>0$ , $x,$ $y\in S(E)$ $\Vert x-y\Vert\geq\epsilon$ $\Vert(x+y)\prime 2\Vert\leq 1-\delta$
. , $E$ Kadec-Klee , $E$ $\{x_{n}\}$ $x_{n}arrow x\in E$
$\Vert x_{n}\Vertarrow\Vert x\Vert$ , $x_{n}arrow x$ .
, [8, 29, 30] .
63
2.1. $E$ , .
(1) $E$ , $E$ $E^{*}$
.
(2) $E$ $J$ . , $J$
$E$ $E^{*}$ $*$ .
(3) $E$ , $J$ $E$ $E^{*}$
, $J^{-1}$ $E^{*}$ $E$ .
(4) $E$ , $E$ , Kadec-Klee .
(5) $E$ $E^{*}$ .
(6) $E$ Frechet , $J$ .
(7) $E$ G\^ateaux , $J$ $E$
, $E$ $E^{*}$ $*$ .
(8) $E$ , $J$ $E$ ,
.
$E$ , $A:Earrow 2^{E}$ , $A$ $G(A)$ , $D(A)$
$R(A)$ .




$A$ (accretive operator) , $(x, x’),$ $(y, y’)\in G(A)$
, $j\in J(x-y)$ , $\langle x’-y’,j\}\geq 0$ . $A$ $m$
(m-accretive operator) , $A$ , $R(I+rA)=E$
$r>0$ .
, $B:Earrow 2^{E^{*}}$ , $B$ $G(B)$ , $D(B)$ $R(B)$
.




$B$ (monotone operator) , $(x, x^{*}),$ $(y, y^{*})\in G(B)$
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, $\langle x-y,$ $x^{*}-y^{*}\rangle\geq 0$ . $B$ (maximal
monotone operator) , $B$ , $G(B)\subsetneqq G(B’)$
$B’$ : $Earrow 2^{E^{*}}$ .
$E$ , $E=E^{*}$ $J=I$ ($E$ ) ,
. , $m$
[30, 31].
$E$ , $f:Earrow(-\infty, \infty]$ , $f$ proper ,
$f(x)\in \mathbb{R}$ $x\in E$ . , $f$ ,
$r\in \mathbb{R}$ , $\{x\in E:f(x)\leq r\}$ $E$ . , $f$
, $x,$ $y\in E$ $t\in(0,1)$ ,
$f(tx+(1-t)y)\leq tf(x)+(1-t)f(y)$
. $\arg\min_{y\in E}f(y)$ $\{x\in E :f(x)=\inf f(E)\}$ .
Rockafellar $[$23, 24$]$ , $f$ proper ,
$\partial f(x)=\{x^{*}\in E^{*}:f(x)+\langle y-x, x^{*}\rangle\leq f(y) (\forall y\in E)\}$ $(\forall x\in E)$
$f$ (subdifferential operator) $\partial f:Earrow 2^{E^{*}}$
. , $(\partial f)^{-1}(0)=$ argmin$y\in Ef(y)$ .
[29-31] .
$C$ $E$ , $T:Carrow E$ , $F(T)$ $T$
. , $F(T)=\{x\in C:Tx=x\}$ . , $I$ $C$
. $u\in C$ $T$ (asymptotic fixed point) [22]
, $C$ $\{z_{n}\}$ $z_{n}arrow u$ $z_{n}-Tz_{n}arrow 0$
. $\hat{F}(T)$ $T$ . , $\phi:E\cross Earrow \mathbb{R}$
$\phi(u, v)=\Vert u\Vert^{2}-2\langle u,$ $Jv\rangle+\Vert v\Vert^{2}$ $(\forall u, v\in E)$
. , $T$ relatively nonexpansive [20, 21]
, $F(T)=\hat{F}(T)\neq\emptyset$
$\phi(u, Tx)\leq\phi(u, x)$ $(\forall u\in F(T), x\in C)$
. , relatively nonexpansive $T$ strongly relatively
nonexpansive $[$22] , $\{z_{n}\}$ $C$ , $u\in F(T)$
$\phi(u, z_{n})-\phi(u, Tz_{n})arrow 0$
65
, $\phi(Tz_{n}, z_{n})arrow 0$ .
$E$ , $C$ $E$ .
, $D$ $E$ $JD$ $E^{*}$ . ,
$E$ $C$ $P_{C}$ $E$ $C$ generalized projection $\Pi_{C}[1,14]$
.
$P_{C}x= \arg\min_{y\in C}\Vert y-x\Vert$
$(\forall x\in E)$ , $\Pi_{C}x=\arg\min_{y\in C}\phi(y, x)$ $(\forall x\in E)$ .
, $E$ $D$ sunny generalized nonexpansive retraction $R_{D}[11]$
.
$\bullet$ $R_{D}:Earrow D$ , $R_{D}^{2}=R_{D}$ .
$\bullet$ $\phi(R_{D}x, u)\leq\phi(x, u)$ $(\forall x\in E, u\in D)$ .
$\bullet$ $R_{D}(R_{D}x+t(x-R_{D}x))=R_{D}x$ $(\forall x\in E, t>0)$ .
$R_{D}$ , [11]. ,
, $R_{D}$ $R_{D}=J^{-1}\Pi_{JD}J$ [17].
3
$E$ , $C$ $E$ . ,
$T:Carrow E$ (firmly nonexpansive) [5] ,
$\Vert Tx-Ty\Vert^{2}\leq$ $\langle$Tx–Ty, $x-y\rangle$ $(\forall x, y\in C)$
. Schwarz , $T:Carrow E$
(nonexpansive) . , $\Vert$Tx–Ty$\Vert\leq\Vert x-y\Vert(\forall x, y\in C)$ .
, $g:Earrow \mathbb{R}$ , $C$ $E$ . ,
.
(Pl) $g(u)= \min g(C)$ $u\in C$ .
,
$f(x)=\{\begin{array}{ll}g(x) (x\in C)\infty (x\in E\backslash C)\end{array}$
proper $f:Earrow(-\infty, \infty]$ , (Pl)
.
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(P2) $f(u)= \min f(E)$ $u\in E$ .
, $x\in E$ ,
$h_{x}(y)=f(y)+ \frac{1}{2}\Vert y-x\Vert^{2}$ $(\forall y\in E)$
proper $h_{x}:Earrow(-\infty, \infty]$ , $h_{x}$ $E$
. ,
$f(z_{x})+ \frac{1}{2}\Vert z_{x}-x\Vert^{2}=\min\{f(y)+\frac{1}{2}\Vert y-x\Vert^{2}:y\in E\}$
$z_{x}\in E$ . , $Sx=z_{x}(\forall x\in E)$ $S:Earrow E$
( $\partial f$ ) . ,
$Sx= \arg\min_{y\in E}\{f(y)+\frac{1}{2}\Vert y-x\Vert^{2}\}=(I+\partial f)^{-1}x$ $(\forall x\in E)$
. ,
$Su=u \Leftrightarrow f(u)=\min f(E)$
. , (Pl) ( (P2)) $S$
. , [31] .
4
$E$ , $J:Earrow E^{*}$ . , $C$ $E$
, $T:Carrow E$ . , $T$ (firmly nonexpansive) [6]
,
$\Vert Tx-Ty\Vert\leq\Vert r(x-y)+(1-r)(Tx-Ty)\Vert$ $(\forall r>0, x, y\in C)$
. [7, 9, 10] .
4.1 , $T$ , $x,$ $y\in C$ , $j\in J$(Tx-Ty)
,
{x--Tx--(y--Ty), $j\rangle\geq 0$
. , $E$ , $J$ , $T$
$\{x$ – $Tx$ –($y$ – $Ty$ ), $J(Tx-Ty)\}\geq 0$ $(\forall x, y\in C)$ (4.1)
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.4.1 ([29, 30]). $E$ , $J:Earrow E^{*}$ . ,
$u,$ $v\in E$ . , .
(1) $\Vert u\Vert\leq\Vert u+rv\Vert$ $(\forall r>0)$ .
(2) $\langle v,$ $j\rangle\geq 0$ $i\in Ju$ .
, [7] ,
.
42. $E$ , $C$ $E$ . , $T:Carrow E$
. , .
(1) $T$ .
(2) $A:Earrow 2^{E}$ , $Tx=(I+A)^{-1}x(\forall x\in C)$ .
, $F(T)=A^{-1}0$ .
5 (P) , (Q) (R)
$E$ , $J:Earrow E^{*}$ . , $C$ $E$
, $T:Carrow E$ . , [2].
$\bullet$ $T$ (P) (mapping of type $(P)$ ) ,
$\langle Tx$ – $Ty$ , $J(x-Tx)-J(y-Ty)\}\geq 0$ $(\forall x, y\in C)$
.. $T$ (Q) (mapping of type $(Q)$ ) ,
{Tx--Ty, Jx–JTx–(Jy–JTy)} $\geq 0$ $(\forall x, y\in C)$
. , .
$\phi(Tx, Ty)+\phi(Ty, Tx)+\phi(Tx, x)+\phi(Ty, y)$
$\leq\phi(Tx, y)+\phi(Ty, x)$ $(\forall x, y\in C)$ .
$\bullet$ $T$ (R) (mapping of type $(R)$ ) ,
$\langle$x–Tx–(y–Ty), $JTx-JTy\rangle\geq 0$ $(\forall x, y\in C)$
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. , .
$\phi(Tx, Ty)+\phi(Ty, Tx)+\phi(x, Tx)+\phi(y, Ty)$
$\leq\phi(x, Ty)+\phi(y, Tx)$ $(\forall x, y\in C)$ .
5.1. \S 1 , [18] , (Q) (firmly
nonexpansive-type mapping) . , D-firm
operator [4] . , [12] , (R) mapping of
firmly generalized nonexpansive type .
, ,
.
52([2]). $E$ , $C$ $E$
. , $S:Carrow E$ . , .
(1) $S$ (P) .
(2) $A:Earrow 2^{E^{*}}$ , $Sx=(I+J^{-1}A)^{-1_{X}}(\forall x\in C)$
.
, $F(S)=A^{-1}0$ .
5.3 ([19]). $E$ , $C$ $E$
. , $T:Carrow E$ . , .
(1) $T$ (Q) .
(2) $A:Earrow 2^{E^{*}}$ , $Tx=(J+A)^{-1}Jx(\forall x\in C)$
.
, $F(T)=A^{-1}0$ .
5.4 ([2]). $E$ , $C$ $E$
. , $U:Carrow E$ . , .
(1) $U$ (R) .





55([2]). $E$ , $C$ $E$
. , $T:Carrow E$ . , .
(1) $T$ (P) , $I-T:Carrow E$ (R) .
(2) $T$ (Q) , $JTJ^{-1}:JCarrow E^{*}$ (R) .
(3) $T$ (R) , $JTJ^{-1}:JCarrow E^{*}$ (Q) .
, . , [2] .
56. $E$ , $C$ $E$
. , $D$ $E$ , $JD$ $E^{*}$ .
, .
(1) $E$ $C$ $P_{C}:Earrow C$ (P) , $F(P_{C})=C$ .
(2) $E$ $C$ generalized projection $\Pi_{C};Earrow C$ (Q) , $F(\Pi_{C})=C$
.
(3) $E$ $D$ sunny generalized nonexpansive retraction $R_{D}:Earrow D$ (R)
, $F(R_{D})=D$ .
5.7. $E$ , $f:Earrow(-\infty, \infty]$ proper
. , $g:E^{*}arrow(-\infty, \infty]$ proper
. , .
(1) $Sx= \arg\min_{y\in E}\{f(y)+\Vert y-x\Vert^{2}/2\}(\forall x\in E)$ $S:Earrow E$
(P) , $F(S)= \arg\min_{y\in E}f(y)$ .
(2) $Tx=$ argmin$y\in E\{f(y)+\phi(y, x)/2\}(\forall x\in E)$ $T:Earrow E$
(Q) , $F(T)=$ argmin$y\in Ef(y)$ .
(3) $Ux=J^{-1}($argmin$y^{*}\in E^{*}\{g(y^{*})+(\Vert y^{*}\Vert^{2}-2\langle x,$ $y^{*}\rangle+\Vert x\Vert^{2})/2\})(\forall x\in E)$
$U:Earrow E$ (R) , $F(U)=J^{-1}($argmin$y^{*}\in E^{*g(y^{*}))}$
.
(P) , (Q) (R) , .
58([3]). $E$ , $C$ $E$ .
, $S:Carrow E$ (P) . , .
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(1) $C$ , $F(S)$ .
(2) $F(S)=\hat{F}(S)$ .
(3) $t\in[0,1]$ , $tI+(1-t)S:Carrow E$ (P) .
5.9 ([18]). $E$ Gateaux ,
$C$ $E$ . , $T:Carrow E$ (Q) .
, .
(1) $F(T)=\hat{F}(T)$ .
(2) $F(T)\neq\emptyset$ , $T$ $|$ strongly relatively nonexpansive .
5.10. 59 , $C$ $F(T)$ [21].
5.11 ([2]). $E$ , $C$ $E$ .
, $U:Carrow E$ (R) . , .
(1) $C$ , $U^{-1}0$ .
(2) $\{x_{n}\}$ $C$ , $x_{n}arrow p$ $Ux_{n}arrow 0$ , $p\in U^{-1}0$ .
(3) $E$ $E^{*}$ G\^ateaux . $\{z_{n}\}$ $C$
, $Jz_{n}arrow u^{*}\in JC$ $Jz_{n}-JUz_{n}arrow 0$ , $J^{-1}u^{*}\in F(U)$
.
6
, (P) , $($Q $)$ $($R$)$ .
61([2]). $E$ , $C$ $E$
. , $S:Carrow E$ (P) , $P_{C}:Earrow C$ $C$
. , $P_{C}S$ . , $S(C)\subset C$ , $S$
.
62([18]). $E$ , $C$ $E$
. , $T:Carrow C$ (Q) . , $T$
, $\{T^{n}x\}$ $x\in C$ . , $C$
, $T$ .
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62 , [28] nonspreading
.
63([19]). $E$ , $C$ $E$
. , $T:Carrow C$ nonspreading . ,
$\phi(Tx, Ty)+\phi(Ty, Tx)\leq\phi(Tx, y)+\phi(Ty, x)$ $(\forall x, y\in C)$
. , $T$ , $\{T^{n}x\}$
$x\in C$ . , $C$ , $T$ .
55 62 , (R)
.
64 $([$2$])$ . $E$ , $C$ $E$
$JC$ $E^{*}$ . , $U:Carrow C$ $($R$)$
. , $U$ , $\{U^{n}x\}$ $x\in C$
. , $C$ , $U$ .
, (P) , (Q) (R) .
65([2]). $E$ , $C$ $E$
. , $S:Carrow E$ (P) . , .
(1) $C$ $X$ , $S(X)$ .
(2) $\{x_{n}\}$ $C$ $x_{n}arrow x\in C$ , $Sx_{n}arrow Sx,$ $J(x_{n}-Sx_{n})arrow$
$J$ (x–Sx) $\Vert x_{n}-Sx_{n}\Vertarrow\Vert x-Sx\Vert$ .
(3) $J(I-S):Carrow E^{*}$ demicontinuous . , $J(I-S)$
, , $C$ $\{x_{n}\}$ $x_{n}arrow x\in C$ , $J(I-S)x_{n}arrow$
$J(I-S)x$ .
(4) $E$ Kadec-Klee , $S$ .
(5) $E$ , $S$ $C$
.
(6) $E$ , $J(I-S)$ $C$
.
66 $([$2$])$ . $E$ , $C$ $E$
. , $T:Carrow E$ (Q) . , .
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(1) $C$ $X$ , $T(X)$ .
(2) $E$ Frechet , $\{x_{n}\}$ $C$ $x_{n}arrow x\in C$
, $Tx_{n}arrow Tx,$ $JTx_{n}arrow JTx$ $\Vert Tx_{n}\Vertarrow\Vert Tx\Vert$ .
(3) $E$ Fre’chet $E$ Kadec-Klee , $T$
.
(4) $E$ , $T$ $C$
.
6.7 ([2]). $E$ , $C$ $E$
. , $U:Carrow E$ (R) . , .
(1) $C$ $X$ , $U(X)$ .
(2) $\{x_{n}\}$ $C$ $x_{n}arrow x\in C$ , $Ux_{n}arrow Ux,$ $JUx_{n}arrow JUx$ ,
$\Vert Ux_{n}\Vertarrow\Vert Ux\Vert$ .
(3) $JU:Carrow E^{*}$ demicontinuous .
(4) $E$ Kadec-Klee , $U$ .
(5) $E$ , $U$ $C$
.
(6) $E$ , $JU$ $C$
.
7
, \S 6 (Q) ( 62)
. , .
7.1. $E$ , $f:Earrow(-\infty, \infty]$ proper
. , $T:Earrow E$
$Tx= \arg\min_{y\in E}\{f(y)+\frac{1}{2}\phi(y, x)\}$ $(\forall x\in E)$
. , $\arg\min_{y\in E}f(y)$ , $\{T^{n}x\}$
$x\in C$ .
. 5.7 , $T:Earrow E$ $($Q $)$ , $F(T)= \arg\min_{y\in E}f(y)$
73
. , 62 .
, .
72. $E$ , $C$ $E$
. , $A:Carrow E^{*}$ hemicontinuous . ,
$u\in C$ , $\langle y-u,$ $Au\rangle\geq 0(\forall y\in C)$ .
. $A$ $C$
VI$(C, A)=\{u\in C:\langle y-u, Au\}\geq 0$ $(\forall y\in C)\}$
. $B:Earrow 2^{E^{*}}$
$Bx=\{$ $\emptyset(A+N_{C})(x)$ $(x\not\in C)(x\in C)$
, $B$ , $B^{-1}0=VI(C, A)$ [26]
([13, 15, 27] ). , $N_{C}(x)$ $C$ $x\in C$
(normal cone) . ,
$N_{C}(x)=\{x^{*}\in E^{*}:\langle y-x, x^{*}\}\leq 0$ $(\forall y\in C)\}$
. , $Tx=(J+B)^{-1}Jx(\forall x\in E)$ $B$ ,
53 , $T:Earrow E$ (Q) , $F(T)=B^{-1}0=VI(C, A)$ .
, $C$ , $T(E)\subset C$ , $x\in E$ $\{T^{n}x\}$
. , 62 .
, .
73. $E$ $F$ , $C$ $D$ $E$
$F$ . , $L:C\cross Darrow \mathbb{R}$ .
(1) $x\in C$ , $y\mapsto L(x, y)$ .
(2) $y\in D$ , $x\mapsto L(x, y)$ .
,
max min $L(x, y)=$ min max $L(x, y)$




$\Vert(x, y)\Vert_{E\cross F}=\sqrt{\Vert x\Vert_{E}^{2}+\Vert y\Vert_{F}^{2}}$ $(\forall(x, y)\in E\cross F)$
,
$(E\cross F, \Vert\cdot\Vert_{E\cross F})^{*}=(E^{*}\cross F^{*}, \Vert\cdot\Vert_{E^{*}\cross F^{*}})$
. , $E^{*}\cross F^{*}$
$\Vert(x^{*}, y^{*})\Vert_{E^{*}\cross F^{*=}}\sqrt{\Vert x^{*}\Vert_{E^{*}}^{2}+\Vert y^{*}\Vert_{F^{*}}^{2}}$ $(\forall(x^{*}, y^{*})\in E^{*}\cross F^{*})$
. , $E\cross F$ , $E\cross F$ $E^{*}\cross F^{*}$ .
, $E\cross F$ . , $J:E\cross Farrow E^{*}\cross F^{*}$
$J(x, y)=(J_{E}x, J_{F}y)$ $(\forall(x, y)\in E\cross F)$
. , $J_{E}:Earrow E^{*}$ $J_{F}:Farrow F^{*}$ . ,
$K:E\cross Farrow[-\infty, \infty]$
$K(x, y)=\{\begin{array}{l}L(x, y)\infty-\infty\end{array}$
, $A_{L}:E\cross Farrow 2^{E^{*}\cross F^{*}}$
$((x, y)\in C\cross D)$
$(x\in C, y\in F\backslash D)$
$(x\in E\backslash C)$
$A_{L}(x, y)=\{$ $\emptyset\partial(-K(\cdot, y))(x)\cross\partial K(x, \cdot)(y)$
$((x, y)\in C\cross D)$
$((x, y)\not\in C\cross D)$
, $A_{L}$ , $A_{L}^{-1}(0,0)$ $L$ $S_{L}$
[25] ( [16, 31] ). , $(x_{0}, y_{0})\in S_{L}$
$L(x, y_{0})\leq L(x_{0}, y_{0})\leq L(x_{0}, y)$ $(\forall(x, y)\in C\cross D)$
. , $T(x, y)=(J+A_{L})^{-1}J(x, y)(\forall(x, y)\in E\cross F)$ $F$
, $A_{L}$ . 53 , $T:E\cross Farrow$
$E\cross F$ (Q) , $F(T)=A_{L}^{-1}(0,0)=S_{L}$ . , $C\cross D$
, $T(E\cross F)\subset C\cross D$ , $(x,$ $y)\in E\cross F$ , $\{T^{n}(x,$ $y)\}$
. , 62 , $T$ $L$ $(x_{0}, y_{0})$
. $C$ $D$ , $L$
,
$L(x_{0}, y_{0})= \min_{y\in D}L(x_{0}, y)\leq\max_{x\in}\min_{Cy\in D}L(x, y)$
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$L(x_{0}, y_{0})= \max_{x\in C}L(x, y_{0})\geq\min_{y\in D}\max_{x\in C}L(x, y)$
. ,
$\max_{x\in c}\min_{y\in D}L(x, y)\geq\min_{y\in D}\max_{x\in C}L(x, y)$
. . , .
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